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Summary: Nestling is a defenceless stage in the life of birds in several ways. For instance, the possibilities to escape in-
fection and infestation by several parasitic diseases are greatly reduced in nestlings. This fact implies that a number of 
strategies and counter strategies could evolve in hosts to avoid parasites and in parasites to locate and exploit young hosts. 
An increasing number of nestlings in a nest may support more parasites and thus increase competition between siblings to 
avoid parasitism. In addition, parental effort may vary in the presence of parasites resulting in different effects of parasit-
ism on nestlings. Moreover, nestling investment in immunity may increase in the presence of parasites at least up to a 
limit marked by the ability of parents to get resources for their nestlings. In this respect, the transfer of immunoglobulins 
and other resources from the female parent to eggs may be of considerable importance during the first days of nestlings´ 
life. However, increased parental activity may also attract more parasites to the nest. A recent work using a meta-
analytical approach suggests that parasite-induced nestling mortality in birds is mainly determined by geographical loca-
tion and to a smaller extent nest site and parasite prevalence. The naïve immune system of nestlings and the difficulties to 
avoid infection once the nest has been located, imply a high potential impact of parasites on nestlings. Thus parasites 
could cause an important reduction of host population productivity through their effects on nestlings.  
Keywords: Anti-parasitic behaviour, host-parasite interactions, maternal effects, virulence. 
INTRODUCTION 
Parasites, by definition, are organisms that negatively af-
fect their hosts. The adverse effects induced by parasites 
themselves or the costs associated with the host response 
against parasitism, may result in important physiological and 
phenotypic costs potentially affecting nestling survival as it 
has been reported in both experimental and correlative stud-
ies [1-4]. In a host-parasite interaction we can distinguish at 
least two steps [5]. First, parasites must become in contact 
with hosts and second, they must be able to exploit them. 
With respect to the first step, the fact that nestlings are con-
strained to the nest during a relatively long period of time, 
implies that they have difficulties to avoid parasites once 
these reach the nest. Nestlings’ capacity to avoid parasitic 
infections at this stage relies on the parents´ ability to build 
the nest out of the reach of parasites and or to reduce their 
numbers. Once parasites reach the nestlings, the only possi-
bility is to fight off infections. At this stage, parents may 
transfer some defences to nestlings that are effective during 
early development [6], but then an adequate immune re-
sponse from nestlings should be mounted to reduce the ef-
fects of infections as they grow older. However, even at 
more advanced stages of development, nestlings are still 
dependent on their parents to obtain enough food and/or spe-
cific nutrients to mount an effective immune response [7,8] 
and, therefore, parents may change their allocation of re-  
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sources to the entire brood or to specific nestling/s in order 
to maximise their fitness [9,10]. To be able to mount an ef-
fective immune reaction is important for nestlings as this 
would not only avoid development of an infection but also 
reduce the blood drawn by ectoparasites for instance. These 
produce local inflammation at the point of biting, usually due 
to the injection of saliva by the parasite which triggers the 
immune reaction [11]. This reaction reduces the time for 
blood sucking, directly or indirectly via the alerting effect of 
the pruritis caused on the host. In addition, the inflammatory 
response may also generate a hostile environment for saliva–
transmitted pathogens [12].   
On the other hand, virulence of parasites varies consid-
erably with different factors. For instance, it is expected that 
parasites transmitted vertically from parents to offspring 
show a low level of pathogenicity due to the tight relation-
ship between transmission success and number of offspring 
[13]. Conversely, parasites transmitted horizontally and es-
pecially those transmitted by vectors and not by contact are 
expected to be highly virulent [14]. The variation in both 
distribution and virulence of diseases may depend on the 
frequency of transmission which finally may also depend on 
host density.  
AVOIDING CONTACT WITH PARASITES 
Several studies have shown that birds may use different 
strategies to limit contact with parasites and/or reduce the 
number of parasites at the nest. Among these, the transport 
of aromatic plants with volatile compounds to nests as anti-
parasitic defence has been proposed for several bird species 
[15-20]. For example, the quantity of pine greenery in nests 
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of the Bonelli´s eagles (Hieraaetus fasciatus) in south-east 
Spain is correlated with a lower presence of blowfly larvae 
(Protocalliphora) at nests and also higher breeding success 
[21].  
Gehlbach and Baldridge [22] described an interesting an-
tiparasitic behaviour by eastern screech owls (Otus asio) 
which carried live blind snakes (Leptotyphlops dulcis) to 
nests. Blind snakes survive in nests consuming nest ec-
toparasites and therefore reducing their number. On occa-
sions birds may build their nest in places were the occur-
rence of ectoparasites is reduced as it appears to be the case 
for some species of the genera  Zarhynchus and Psarocolius 
as well as Cacicus cela, the latter preferring to nest close to 
colonies of wasps (Protopolybia and Stelopolybia) and bees 
(Trigona). The presence of these insects appears to decrease 
bird nest infestation by parasitic Philornis flies [23]. Several 
reports have also shown that nest reuse by birds may have 
important costs due to the presence of ectoparasites [24,25] 
and birds look for new places to nest when ectoparasite 
numbers increase considerably [26, 27]. For example it is 
known that the colonial swallow Hirundo pyrrhonota avoid 
colonies with high number of ectoparasites like bugs and 
ticks [28-32]. This is also the case for the semicolonial barn 
swallow when nests are infested by mites [33]. A different 
situation is achieved when the nestling is growing in a nest 
were both parents and siblings are from a different species. 
This is the case of the Great spotted cuckoo (Clamator glan-
darius) which is reared by magpies (Pica pica). The specific 
parasites of magpies do not infect Great spotted cuckoo nes-
tlings and therefore the parasitic birds have an additional 
advantage in the nests of their hosts [34]. Thus brood parasit-
ism is also a good strategy to avoid the effect of some ecto- 
or endoparasites at the nest.   
CONFRONTING PARASITES 
Once the parasites have infected nestlings, individual de-
fence is the only response available. In order to mount an 
effective immune response against parasites nestlings must 
receive an adequate nutrient supply. An adequate nutrition 
has been shown experimentally to influence immune re-
sponse in birds [7] and immune response shows high envi-
ronmental variability and low additive genetic variance in 
house martins (Delichon urbica; [35]; see also [36] but see 
[37,38]). In any case, parental effort in response to parasit-
ism is crucial for nestling survival.  In a study looking for the 
effect of parental effort on nestling parasitism Merino et al. 
[9] showed that it was the low parental effort of pied fly-
catchers (Ficedula hypoleuca) the cause of nestling infection 
by trypanosomes and not the contrary. That is, in the event 
of parasitism parents do not reduce their effort, but broods 
receiving less parental effort are more likely to be parasi-
tized. However, reduction of parental effort on infected 
broods is a theoretical possibility as parents may abandon 
highly parasitized nests and save energy for future reproduc-
tion [39]. Ultimately, it is the balance between the probabili-
ties of future reproduction and the potential success of cur-
rent reproduction that will make the decision to invest in a 
parasitized brood more or less profitable in terms of fitness. 
However, it appears that parents try to compensate the effect 
of parasitism by increasing their effort at least to a certain 
limit [40-41]. Once this limit is surpassed, nest abandonment 
and/or nestling death are the usual consequence (see also 
[41-43]. For example, in the presence of flea infestation male 
great tits (Parus major) increase food provisioning rate [44]. 
Based on this results Perrin et al. [45] showed in a theoretical 
article that increased parental effort could be adaptive and 
dependent on the trade-offs between current and future re-
productive prospects.  
Higher activity of parents supplying food to nestlings 
may also imply higher risks of parasites being attracted to 
the nest. For example, Tomás et al. [46] and Martínez de la 
Puente et al. [47] suggest that the higher abundance of biting 
midges at nests attended by blue tit (Cyanistes caeruleus) 
females medicated against malarial parasites as compared to 
control females, may be due to the higher activity of medi-
cated, and therefore healthier, females attending nestlings 
[48]. In addition, brood size is also one of the main determi-
nants of abundance of biting flies being attracted to nests 
[47,49], thus implying that a larger number of nestlings at 
the nest may support more parasites (see also [50]), although 
the number of parasites per nestling may not vary considera-
bly. 
Birds may use other strategies to reduce the effect of in-
fections on their broods. For example, Christe et al. [10] 
proposed the “tasty chick hypothesis” as a mechanism to 
save most of the nestlings in a nest from severe parasite ef-
fects by sacrificing one of them: the smaller, late hatched 
nestling, to parasites. However, Saino et al. [51] have shown 
that late hatched barn swallow nestlings are more immuno-
competent and some evidence exists that parasites prefer to 
feed on larger nestlings and not on the smaller ones [52]. 
This may be due to the fact that larger nestlings emit more 
attractants for parasites or are a better food source in spite of 
them being more immunocompetent [53, 54] (but see[55]). 
However, at least in some cases, parasites may prefer host 
persistence to host nutritional attractiveness [56]. On the 
other hand the exposure of female parents to nest ectopara-
sites allows transmission of maternal antibodies against para-
sites to nestlings with beneficial effects for the brood at least 
during the first days post-hatching as shown in great tits 
(Parus major) infected by fleas [6, 57]. Transference of ma-
ternal carotenoids to egg yolk may also influence immuno-
competence in nestlings [58,59]. Nestling sex has also an 
important influence on the immune system with male nes-
tlings being usually less immunocompetent than females 
[60-62], which affects nestling growth rate [63] and also the 
sex bias in laying order in the presence of parasites [64]. 
Change in parasite pressure within a season due to new 
emergence of parasites [42] and/or between seasons due to 
changes in weather conditions [65] may also affect the avail-
ability of nutrients and or the allocation of resources to nes-
tlings´ immune defence. For example, Merino et al. [66] 
showed that nestling barn swallows (Hirundo rustica) from 
second clutches mount stronger immune responses than 
those from first clutches, with the cost of increased immune 
response being reflected in a lower increase in mass. Higher 
levels of immunity in second clutches may be adaptive for 
nestlings as parasite pressure usually increases as the season 
progresses [42, 50, 67]. In fact, parasite pressure may shape 
the optimal investment in immunity [68] although nestling 
growth rate and immune response also depend on food avail-
ability [8, 69].  
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Therefore, nestling immunocompetence may be a crucial 
factor to survival to adulthood. This appears to be the case 
for nestling pied flycatchers which recruitment probability is 
more tightly related with their response to the phytohemag-
glutinin assay, a common test of immunocompetence, than to 
body mass at the nest [70] (see also [71,72]) and also for 
house martins (Delichon urbica) which immunoglobulin 
levels are a good predictor of survival [73]. However, nes-
tlings may invest differentially in different components of 
the immune system probably depending on ecological and 
genetic influences [74,75] and more studies are necessary to 
know how this variation affects survival probabilities. 
PARASITE VIRULENCE AND IMMUNE DEFENCES 
Parasite virulence could also vary with different factors 
that finally modulate the strength of parasitism as a selective 
pressure on birds. For example, Møller et al. [76] reviewed 
117 field estimates of parasite-induced nestling mortality in 
birds, showing that there was significant consistency in mor-
tality among host and parasite taxa. Virulence increased to-
wards the tropics even when controlling by phylogenetic 
relationships. These authors also found that greater parasite 
prevalence was associated with reduced virulence. In addi-
tion, birds breeding in open nest sites suffered from greater 
virulence, measured as nestling mortality caused by parasites 
than hole nesting species. These findings suggest that para-
site-induced nestling mortality in birds is mainly determined 
by geographical location and, to a smaller extent, nest site 
and prevalence. This is interesting because distribution of 
diseases is not always uniform. For example, Merino et al. 
[77] have shown latitudinal gradients in the prevalence of 
several blood parasites infecting birds in Chile. This fact 
implies that allocation of resources to immune response 
should also vary geographically. In this respect, Møller et al. 
[78] found differences in immune response between popula-
tions of altricial bird species breeding in subtropical Spain 
and temperate Denmark. However, responses were stronger 
both in adults and nestlings in Denmark than in Spain. This 
was probably due to a density dependent effect of parasites 
on host as density of birds was higher in Denmark and there-
fore birds in this location may allocate more resources to 
minimize the risk of parasitism.  In other words, the level of 
anti-parasite defence by hosts is determined by levels of pro-
ductivity and density-dependent parasite-mediated natural 
selection [78]. 
Habitat characteristics may also affect the impact of 
parasitism as shown by Arriero et al. [79]. These authors 
showed that nestling blue tits growing in mature forest habi-
tats display higher prevalence of fleas and blood parasites, 
whereas nestlings from degraded forest habitats suffer from 
higher prevalence of blowflies (Protocalliphora sp.). Nes-
tlings respond to infections by blowflies and Leucocytozoon 
blood parasites by increasing their levels of stress protein 
HSP60 in the blood, a protein which is produced in response 
to several stressors to maintain cellular homeostasis, espe-
cially in response to parasitism in birds (see for example 
[80]). Thus, habitat characteristics indirectly determine 
growth conditions for forest birds mediated through their 
association with parasite infections [79] (see also [36]). 
On the other hand transmission probabilities are associ-
ated with parasite virulence [13], and it is expected that 
coloniality in birds may be correlated with more virulent 
parasites as density of hosts increases (see also [81]). In this 
respect, Møller et al. [82], showed a positive correlation be-
tween the immunocompetence of nestlings from several spe-
cies of swallows and colony size. That is, nestlings from 
species with larger colony sizes invest more in immunocom-
petence.  Mortality induced by parasites on nestlings is also 
positively correlated with immunocompetence [83] indicat-
ing that higher levels of investment in immune responses are 
driven by the impact of parasites.  
CONCLUSIONS AND FUTURE PROSPECTS 
Parasites are an important selective force for bird popula-
tions having significant effects on nestling mortality and 
probability of future survival. Geographic and density effects 
of parasitism modulate responses and strategies of host to 
reduce the impact of diseases on nestlings. The range of an-
tiparasitic responses available to birds vary from behavioural 
to physiological and those responses may achieve avoidance 
and/or reduction of the impact of parasites on nestlings, with 
important fitness effects on the latter. A better understanding 
of the patterns of distribution of diseases and the determi-
nants of investment in defences against different kinds of 
parasites, will help clarify how bird strategies have evolved 
to minimize the impact of their parasites.   
One of the main problems faced in the study of the ef-
fects of parasites on wild bird populations is to obtain an 
accurate measure of infection. Prevalences and intensities of 
infection are usually a rough estimation of the reality, espe-
cially in ecological studies where individuals must be main-
tained alive to record the result of the host-parasite interac-
tion and therefore the extraction and count of each parasite is 
not possible. In the case of nestlings, the difficulties are even 
bigger as many infections may still be at their early stages of 
development in nestlings, although the naïve immune system 
of nestlings may also allow a fast increase of the pathogen 
population relatively soon after initial infection. In any case, 
the use of new molecular tools could improve the accuracy 
of our estimations of the incidence of several diseases and 
they are now being increasingly used in the study of several 
host-parasite systems [84-87]. The other problem faced by 
studies of parasites in wild populations of birds is the com-
mon occurrence of multiple infections. Most individuals in a 
population are infected by a plethora of parasites and in or-
der to know the real impact of parasitism on hosts we should 
also know about the outcome of the various interactions 
among co-infecting parasites.  This problem has been par-
tially solved by the use of general immune function estima-
tions, on the basis that if higher immune responses are pro-
duced by a host, they will reflect the capacity of the individ-
ual to fight off infections. However, the complexity of the 
immune system of vertebrates and the fact that different 
kinds of immune responses may affect different pathogens, 
makes it necessary to obtain measurements of the different 
branches of the immune systems [74], a task that was rela-
tively difficult in studies in the wild until recently.  Nowa-
days more and more batteries of simple tests are available to 
estimate immunocompetence and associated responses in 
wild populations of birds [7, 80, 88-92] but their joint use is 
still difficult. In addition, some of them provide estimations 
of the capacity of an individual to respond to an antigen but 
they do not measure the actual response against infections. In 
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this conditions the need of experimental designs altering 
immunity and/or parasitism are necessary to obtain a good 
approximation of the host-parasite interaction in nestling 
birds.  
The impact of parasites on nestlings is of considerable 
importance because they cannot avoid parasitism once the 
nest is located by parasites and their naive immune system 
makes them more susceptible to developing infections. Mor-
tality of nestlings caused by parasites may have important 
consequences for the conservation of populations. For in-
stance, the introduction of new diseases by human distur-
bance of the natural colonization rate of new habitats by 
parasites due to climate change may reduce the growth of 
bird populations [93-95]. Although our knowledge of the 
effects of parasites on nestlings has improved considerably 
during the last two decades, the fact that nestlings are only 
available for research during a relatively short period of time 
and that estimating the extent of infection and immunity in 
the wild is not easy, makes it difficult to obtain reliable in-
formation on the initial stages of development of host-
parasite relationships. However, the considerable importance 
of parasitism as a selective pressure on nestlings makes it 
necessary to gather new energy and impulse for the study of 
parasitism and immunity in nestlings.    
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